Fermi Large Area Telescope observation of solar flares
Fermi -LAT >100 MeV count rate was dominated by the gamma-ray emission from the 37 Sun †, which was nearly 100 times brighter than the Vela Pulsar in the same energy range.
38
The impulsive phase (the first eighty minutes) was followed by a long-lasting gamma-ray 39 emission (∼ 20hr), whose maximum was delayed by several minutes from the impulsive 40 † http://apod.nasa.gov/apod/ap120315.html 50
The Fermi -LAT collaboration The blue circles/red squares represent the flux and derived proton spectral index obtained by standard likelihood analysis during the sustained emission phase. Green diamonds are the GOES proton spectral indexes derived from the hardness ratio, as described in Ajello et al. (2014) . The gray bands correspond to the systematic uncertainties on the effective area of the instrument. The horizontal dashed line corresponds to the value of the gamma-ray flux from the quiescent Sun, from Abdo et al. (2011b). emission. In both episodes, the flux was well described by a pion decay spectrum from a 41 power law proton distribution.
42
In the lower panel of Figure 1 the evolution of both the gamma-ray flux and the derived 43 spectral index s of the protons are shown: the impulsive and the sustained emission phases 44 can be easily identified. Interestingly, unlike during the impulsive phase, the spectrum 45 of the temporally extended emission becomes softer monotonically. In the top panel we 46 report the evolution of the X-ray flux as well as the evolution of the proton spectrum 47 detected by the GOES satellite. While, during the impulsive phase, the gamma-ray 48 spectrum is correlated with the X-ray emission, during the sustained phase the gamma- Table 1 . Behind-the-limb flare properties. The start time of the flare is estimated from STEREO imaging. The GOES class is evaluated using STEREO-observed extreme ultraviolet intensity, as described by (Nitta et al. 2013 ). The CME speed listed here is the 2nd-order speed at 20 R taken from the LASCO online catalog.
Date
Estimated GOES AR position CME speed (UTC) class (km s Table 1 lists the start times, estimated GOES classes, AR locations, and CME speeds shock could be a better explanation (Ramaty et al. 1987; Cliver et al. 1993; Ryan 2000) .
111
The behind-the-limb flare detection at high-energy adds additional considerations that 112 are extremely useful for understanding the physics of particle acceleration and γ-ray pro- trons can also produce high-energy γ-rays by bremsstrahlung radiation, but their energy distribution has to be fine tuned in order to reproduce the spectrum that is naturally 118 produced by pion decay.
119
Figure 3. Model a): acceleration at the flare, gamma-ray emission site below the photosphere; b) acceleration at the flare, gamma-ray emission in the Corona above the limb; c) acceleration (or re-acceleration) at the CME-shock, gamma-ray emission at the Sun.
We consider three scenarios for the emis- 
